To compare risk of carpal tunnel syndrome (CTS) in distal radius fracture (DRF) patients after 7 treatments using bridging external fixation (BrEF), non-bridging external fixation (non-BrEF), plaster fixation, K-wire fixation, dorsal plating fixation, volar plating fixation, and dorsal and volar plating by performing a network meta-analysis.
Background
Distal radius fracture (DRF), also called wrist fracture, is the most common fracture of the upper extremities seen in emergency rooms [1] . DRFs are disproportionately high in elderly women over age 60 years and occur at a male-to-female ratio of 1: 4, which is attributed to osteoporosis [2, 3] . Carpal tunnel syndrome (CTS) is one of the major complications following DRF and its incidence is between 3.3% and 17.2% [4] . The incidence of CTS in the United States is estimated at 1-3 cases per 1000 subjects per year [5] . CTS symptoms include decreased sensation, numbness and pain in the median nerve region [6] . Interestingly, studies showed that application of local anaesthetics, hematoma caused by injury and surgical trauma are involved in the pathophysiology of CTS risk in DRF patients [7] . Based on recent statistics, a woman over the age of 65 will have at least 1 incident of DRF before end of life. Thus, considering the increased life expectancy in the elderly population due to healthy lifestyles and medical advances, treatment of DRF for full anatomical restoration and complete functional recovery is of utmost importance in this population [8] . However, the optimal treatment strategy for DRF in the elderly is controversial and includes both non-surgical and surgical treatments [9, 10] . In recent decades, surgical options for DRF, such as K wires fixation, percutaneous pinning, and volar or dorsal plates, have gained significant popularity [3, 11] .
Bridging external fixation (BrEF), used with static fixators, is a popular method to bridge the wrist and stabilize the joint as well as the fracture [12] . On the other hand, non-bridging external fixation (non-BrEF) for DRF treatment is a more generalized technique aimed to restore carpal alignment [13] . Moreover, when the dorsal fragments are twisted 180°, such as in complex DRFs, the dorsally displaced fragments of DRF should be treated directly by fragment specific fixation via the dorsal approach; thus, the low profile dorsal locking plate was developed to address this [14, 15] . Plaster fixation and closed reduction have been the more traditional treatments performed in older DRF patients [16] . Volar locked plating is a popular method for treatment in DRF patients due to its rapid stabilization of the fracture and early wrist mobilization [12] . Locked volar plate fixation technique has a lower risk of tendon damage compared to dorsal plates due to the plate coverage by the pronator quadratus muscle [17] . A volar and dorsal plate fixation has the potential to stabilize the displaced fracture and avoid the extensor tendon problems [18] . Although DRFs are among the most common injuries treated by orthopedic, trauma, and hand surgeons, the treatment options are variable and the best approach is a matter of intense debate because prospective randomized studies are inconclusive in their support of any single method [8, 17] . In this respect, a meta-analysis is a useful tool to combine evidence from published literature to make more definitive comparisons between treatment choices. In the current study, we analyzed the outcomes and complications for 7 common DRF treatment methods: BrEF, non-BrEF, plaster fixation, K wires fixation, dorsal plating, volar plating and dorsal and volar plating.
Traditional meta-analysis combines results from homogeneous studies on the same topic and it is not feasible to simultaneously compare more than two interventions [19] . In the absence of a direct comparison between treatments, indirect analysis can be used to assess the relative effectiveness of different treatments [20] . A network meta-analysis uses information extracted from published studies and integrates the information to measure relative treatment efficacies [21] . The objective of this network meta-analysis was to assess, using both direct and indirect comparisons, the risk of CTS in DRF patients who underwent these 7 different treatments: BrEF, non-BrEF, plaster fixation, K wires fixation, dorsal plating fixation, volar plating fixation, and dorsal and volar plating fixation.
Material and Methods

Search strategy
Public databases, PubMed and Cochrane Library, were exhaustively searched (last updated search, October 2014) to locate published studies related to CTS and DRF. Keywords used for the literature search were a combination of the following: distal radius fracture, carpal tunnel syndrome, external fixation and internal fixation. The language of publication was restricted to English. Manual search was conducted to identify additional related literature from cross-references.
Inclusion and exclusion criteria
Selection of studies for enrollment into this network meta-analysis was based on the following inclusion criteria: (1) study design: randomized controlled trail (RCT); (2) study subject: clinical or radiological confirmation of DRF patients; (3) outcomes: incidence of CTS in DRF patients; (4) diverse DRF treatment methods. Studies were excluded if they (1) lacked data integrity; (2) were not RCT study design; (3) duplicate literature; (4) complex intervention strategy.
Data extraction
Two independent investigators extracted the required data by using a standard data collection form. The following information was collected: first author, publication year, country, ethnicity, interventions, age, gender and number of research subjects. Discrepancies during study selection or data collection were resolved by discussion with other investigators.
Statistical analysis
STATA 12.0 software (Stata Corp, College Station, TX, USA) with mvmeta command was applied for network meta-analysis. Odds ratio (OR) with 95% confidence interval (95% CI) was calculated by fixed-effects model or random-effects model to evaluate the incidence of CTS in DRF patients following various treatments. Z-test was utilized to evaluate the overall effects size [22] . Cochran's Q-statistic (P<0.05 was considered significant) and I 2 tests were applied to quantify heterogeneity among studies [23, 24] . In order to calculate the pooled ORs, fixed-/random-effects models were used. A fixed-effects model was used when significant heterogeneity was observed (P<0.05 or I 2 >50%), otherwise a random-effects model was employed [25] . Network meta-analysis synthesizes information from a network of related studies comparing more than 2 treatments in DRF patients. If a direct comparison between treatments is absent, a combination of direct evidence and indirect evidence evaluates the direct and indirect comparisons with precision and generates a CTS risk ranking based on the outcomes reported in the included studies. In a closed loop, we employed inconsistency factor (IF) to evaluate heterogeneity among included studies. If the 95% confidence intervals of IF values were truncated at zero, it suggested that the direction of IF was not important [26] . Funnel plots were used to identify the presence of small-study effects and validate the reliability of the results [27] . The assumption of consistency models allows heterogeneity of intervention effects without significant differences in study design. After the generation of a heterogeneity matrix, frequentist statistical approach was used for the fitted model to calculate the ranking probabilities [28] . To rank the treatments, we first used posterior probabilities of outcomes to calculate probabilities of treatment ranking. Next, we used surface under the cumulative ranking probabilities (SUCRA) to identify the best treatment.
Results
The electronic database search and manual search identified a total of 974 articles. After removing duplicate studies (n=231), letters, reviews, meta-analyses (n=18), non-human studies (n=9) and studies irrelevant to DRF (n=165), 551 studies remained for further evaluation. Of these, 529 articles were excluded because they were not RCT or were not relevant to CTS or were not relevant to network, leaving 22 articles for further consideration After the exclusion of 6 studies without data and 4 studies with incomplete or weakly correlated data, only 12 trials met our stringent requirements and were finally included in this network meta-analysis. These 12 studies contained the required data related to 1370 DRF patients (394 patients with bridging external fixation; 377 patients with non-bridging external fixation; 89 patients with K-wire fixation; 192 patients with plaster fixation; 42 patients with dorsal plating fixation; 152 patients with volar plating fixation; 124 patients with dorsal and volar plating fixation). Dual-arm tests were presented M -male; F -female; NR -not reported; Plaster -plaster fixation; BrEF -bridging external fixation; non-BrEF -non-bridging external fixation; dorsal -dorsal plating fixation; volar -volar plating fixation; DV -dorsal and volar plating fixation; K-wire -K-wire fixation.
in each study, with a total of 12 comparisons of the different treatment strategies [8, 12, 13, 17, [29] [30] [31] [32] [33] [34] [35] [36] . The baseline characteristics of the included studies are presented in Table 1 .
Evidence network
As shown in Figure 1 , the connecting lines show direct comparisons between the two connected interventions and pairs of interventions without direct connection can be indirectly compared through network meta-analysis. The width of the lines indicates the number of trails. The size of nodes corresponds to the overall sample size of intervention. The color of lines represents the risk of bias of enrolled trails. This study included 7 treatments for DRF (BrEF; non-BrEF; K-wire fixation; plaster fixation; dorsal plating fixation; volar plating fixation; dorsal and volar plating fixation).
Contribution plot
The contribution of each study to the results of the network meta-analysis are shown in Figure 2: (1) direct comparison between BrEF and non-BrEF were reported in two studies with contributions to the comparisons between non-BrEF and plaster fixation, non-BrEF and dorsal plating fixation, non-BrEF and volar plating fixation at 50%, 50%, and 50%, respectively, and 20% for the whole network meta-analysis; (2) 2 studies investigated the comparisons between BrEF and plaster fixation and their contributions to the comparisons between non-BrEF and plaster fixation, plaster fixation and dorsal plating fixation, plaster fixation and volar plating fixation were 50%, 50%, and 50%, respectively, with 20% contribution to whole network meta-analysis; (3) one study compared BrEF and dorsal plating fixation and the contributions for non-BrEF and dorsal plating fixation, plaster fixation and dorsal plating fixation, dorsal plating fixation and volar plating fixation were 50%, 50%, and 50%, respectively, with 20% contribution to the whole network meta-analysis; (4) 2 studies reported the direct comparison between BrEF and volar plating fixation and the contribution to the comparisons between non-BrEF and volar plating fixation, plaster fixation and volar plating fixation, dorsal plating fixation and volar plating fixation were 50%, 50%, and 50%, respectively, and 20% to the whole network meta-analysis.
Evaluating and presenting assumptions of network meta-analysis
Inconsistency plot was used to identify heterogeneity among studies in the closed loops of this network meta-analysis ( Figure 3) . Two triangular loops and 1 quadrangle loop were present in the network meta-analysis, including BrEFdorsal plating fixation-volar plating fixation loop, BrEF-plaster fixation-volar plating fixation loop and plaster fixation-K-wire fixation-volar plating fixation-dorsal and volar plating fixation 
Comparisons of the risk of CTS
The present network meta-analysis revealed no statistically significant differences in the risk of CTS in DRF patients who underwent non-BrEF, K-wire fixation, plaster fixation, dorsal plating fixation, volar plating fixation, dorsal and volar plating fixation when compared with BrEF, (non-BrEF: OR=0. 823 Table 2 ).
Ranking of interventions
The relative ranking of estimated probabilities for 7 different treatments for CTS risk in DRF patients were 38.4% for BrEF, 50.3% for non-BrEF, 51.3% for plaster fixation, 22.9% for K-wire fixation, 88.7% for dorsal plating fixation, 40.1% for volar plating fixation and 58.4% for dorsal and volar plating fixation, indicating that dorsal plating fixation has the highest treatment relative ranking of estimated probabilities. The cumulative probability ranking of treatments is shown in Figure 4 . The SUCRA values for treatment relative ranking of predictive probabilities of the 7 treatments were 38.4% for BrEF, 50.6% for non-BrEF, 50.9% for plaster fixation, 23.6% for K-wire fixation, 89.2% for dorsal plating fixation, 39.6% for volar plating fixation, and 57.8% for dorsal and volar plating fixation, with dorsal plating fixation as the highest treatment relative ranking of predictive probabilities. Thus, DRF patients with dorsal plating fixation showed the lowest CTS risk and dorsal plating fixation was found to be the optimal method to treat DRF in this pooled group of patients. Table 2 . Comparisons of the carpal tunnel syndrome risk among seven treatments in distal radius fracture patients.
CTS -Carpal tunnel syndrome; OR -odds ratio; 95%CI -95% confidential intervals; non-BrEF -non-bridging external fixation; BrEF -bridging external fixation; plaster -plaster fixation; K-wire -K-wire fixation; dorsal -dorsal plating fixation; volar -volar plating fixation; DV -dorsal and volar plating fixation. Figure 5 shows the funnel plot for the 7 different treatments network, which indicates the presence of small-size effect. All included studies were symmetrically distribute around the vertical line (x=0), suggesting no evidence of publication bias caused by small-size effect in the network.
Assessment of publication bias
Discussion
In this study, we performed a systematic network meta-analysis of 7 most common DRF treatments and their associated risks for CTS. The primary aim was to provide a focus for future research to design better DRF treatment strategies for optimal outcomes. Our network meta-analysis consisted of 1370 DRF patients pooled from 12 RCTs that reported the risk of CTS in DRF patients. Network meta-analyses have several advantages: they can directly or indirectly compare more than two treatments simultaneously; provide risk estimates for all treatment comparisons, even for those that were not directly compared in head-to-head trials; predict the best treatment based on probability; and reduce the uncertainty in the risk estimates. Interestingly, the difference in CTS risk in DRF patients following 7 different treatments was not statistically significant.
Indirect comparisons from our network meta-analysis suggested that dorsal plating fixation showed the highest SUCRA values, implying that dorsal plating fixation is the best approach 
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to reduce risk of CTS, among the 7 common DRF treatments. Compared with other surgical interventions, the dorsal doubleplating technique has shown promising results in DRF treatment [37] . Dorsal locking plates have the advantage of acting as a buttress to posterior comminution and the locking plates may also allow increased periosteal blood supply [38] . Dorsal plating fixation is an accepted treatment for unstable, dorsally displaced DRFs with many benefits, including the ease of exposure, visualization of the articular surface, and biomechanical advantage of plate placement as a dorsal buttress [39] . Previous studies showed that dorsal locking plating was associated with extensor tendon complications, consequently volar locking plating gained more acceptance. However, this is still controversial and is contradicted by another study that showed comparable complication rates between volar and dorsal plating compared to dorsal plating with a low-profile titanium plate [40, 41] . The volar plating approach was believed to decrease the complication of tendon rupture, but not the irritation and rupture of the flexor and extensor tendon [3, 18] . Consistent with the result in our network meta-analysis, a previous study showed no significant difference between locked volar plating and BrEF, both in terms of maintaining the radial length and in terms of restoration of the articular profile [32] . Our results also revealed that plaster fixation showed the second-lowest rate of complications, in accordance with a previous study that demonstrated plaster fixation had the lowest complication rate, whereas volar locking plating was associated with significantly increased complications requiring additional surgical interventions [3] .
One of the main strengths of this network meta-analysis is the simultaneous comparison of a wide range of treatment strategies for DRF in a single study. Second, all the studies were selected based on a rigorous and extensive literature search aimed at identifying and including all relevant RCTs in this network meta-analysis. Third, all RCTs were homogeneous in study design. Any existing differences in key characteristics across trials, which may act as effect modifiers possibly causing bias in the analysis, appear to be small. However, the strengths of this network meta-analysis should be weighed against its inherent limitations. First, the limited number of trials and the absence of head-to-head comparisons increase the uncertainty of our conclusions. Second, the maintenance trials included in our study could bias the results due to incomplete outcome data. Third, only 12 RCTs were eligible for inclusion in this study. Due to the limited sample size, our network metaanalysis results may be somewhat weak and most data could only be estimated with moderate confidence.
Conclusions
In summary, our network meta-analysis provides convincing evidence that dorsal plating fixation is the best approach for DRF treatment, with the lowest risk of CTS, compared to BrEF, non-BrEF, plaster fixation, K-wire fixation, dorsal and volar plating fixation, and volar plating fixation. However, our conclusions will need to be confirmed using better-designed randomized trials with larger sample sizes to provide the necessary strength of evidence for clinical applications.
Conflicts of interest
None of the authors have any conflict of interest with regard to this research.
